Project Description
Complex metal hydrides are believed to be among the most promising materials for developing hydrogen storage systems that are suitable for transportation applications. In order to facilitate the much-needed breakthroughs in this field, we plan to perform extensive theoretical studies on various properties of hydrogen in these complex hydrides. The purposes are: (1) to understand the fundamental science associated with the intrinsic materials properties of these hydrides, the hydrogen absorption and desorption dynamics, and the mechanisms of catalytic reactions; (2) to facilitate materials design and improvement; and (3) to explore novel hydrides with various compositions.
Accomplishments in 2008 (a) Phase Stability of Mixed Alkali Alanates
We have performed first-principles calculations to study the possible alloy phases of mixed sodium and lithium alanates and their structural and energetics properties. For the tetrahydrides, the energetics of the alloy Na 1−x Li x AlH 4 is calculated and a small, positive mixing energy less than 5 KJ/mol was found for all values of x, indicating that the alloy is not stable with respect to the end compounds. The equilibrium structure undergoes a transition from a tetragonal structure to a monoclinic structure between x = 0.25 and 0.5. Within each structure the cell volume decreases with increasing x, which can be explained by Li having a smaller ion size than Na. In contrast, for the hexahydides Na 3 (1−x) Aluminum hydride (alane) AlH 3 is an important material in hydrogen storage applications. It is known that AlH 3 exists in multiple forms of polymorphs, where α-AlH 3 is found to be the most stable with a hexagonal structure. Recent experimental studies on γ-AlH 3 reported an orthorhombic structure with a unique double-bridge bond between certain Al and H atoms. This was not found in α-AlH 3 or other polymorphs. Using density functional theory, we have investigated the energetics, and the structural, electronic, and phonon vibrational properties for the newly reported γ-AlH 3 structure. The calculation concludes that γ-AlH 3 is less stable than αAlH 3 by 1.2 KJ/mol, with the zero-point energy included. Interesting binding features associated with the unique geometry of γ-AlH 3 are identified from the calculated electronic properties and phonon vibrational modes. The binding of H-s with higher energy Al-p, d orbitals is enhanced within the doublebridge arrangement, giving rise to a higher electronic energy for the system. Distinguishable new features in the vibrational spectrum of γ-AlH 3 were attributed to the double-bridge and hexagonal-ring structures. [Phys. Rev. The critical role played by the Ti catalyst in helping hydrogen cycling in alanates remains a challenging question for this hydrogen storage material. In this study we examine the hydrogen related reactions on an Al IV.I.14 First-Principles Studies of Phase Stability and Reaction Dynamics in Complex Metal Hydrides
